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disease, where the one passes almost imperceptibly into the other, but as will be seen later, subsequent biochemical observations to a large extent confirmed and justified this method of selection.
With few exceptions, a sample of blood for examination was taken between two and three hours after the last meal, the nature and constitution of which was ascertained. Measures were also adopted to ensure that each child was resting quietly for at least an hour before the blood was taken, and of course, in no case was the child aware that this operation was to follow.
After considerable experience in obtaining blood from children, it is considered that the technique employed is so free from causing pain, and even but momentary apprehension, that changes in blood chemistry from this cause can be excluded. In a few instances where the element of fright was encountered, the cas3 was excluded from the series.
Methods.-The following methods were used in this investigation: (1) Plasma bicarbonate, by the method of Van Slyke, Stillmai and Cullen2. Titration was carried to a constant end-point of pH=7-4. Phenol red was used as indicator. Results are expressed as molar concentration of bicarbonate.
(2) Plasma chlorides by the method of Claudius3. results being expressed as grammes of NaCl per 100 c.cm. Procedure.-The following procedure was adopted, by means of which it is hoped that any personal bias in correlating the biochemical and clinical results, has been reduced to a minimum.
Each child was submitted to a thorough clinical examination by one of us (A.A.0.). This included inspection of the tonsils, etc., and a qualitative examination of the urine for albumen, sugar, and acetone bodies (Rothera and ferric chloride reactions). These results, with the history of the case, and notes on signs or symptoms, were entered up, and a diagnosis of either ' normal,' or 'subnormal' was made. The case was numbered and the child was given a card bearing this number only.
The collaborator (H.G.C.), who had not previously seen the child, then took, without undue compression, a sample of blood under paraffin from a vein in the arm into an oxalated centrifuge tube, which was correspondingly numbered. Estimations were performed within twelve hours of taking the blood, it having been found previously that none of the quantities estimated showed appreciable variations within this period. The blood sugar, however, was estimated immediately after taking the sample of blood.
Comparison of normal and subnormal children. The main clinical features and chief symptoms of all the children investigated in this series are shown in Table 1 . A few of the headings in this table require explanation. Cyclical vomiting ('C.V.') was diagnosed only when there was a clear history of recurrent 'bilious attacks,' preceded by listlessness, and accompanied by headache, vomiting and prostration, lasting 48 hours or more, and necessitating confinement to bed for this period. Debility (' D ') was diagnosed in those children who were in subnormal health, but who did not give a clear history of attacks of cyclical vomiting. Children who were in a permanent state of debility, and who also suffered from cyclical vomiting, have been classed under the heading of C.V. only.
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The n-omnenclature aldopte(d ill assessinig the conidition of the tonsils was as follows: Cases in whonm a comiplete tonisillectomy had been performned at least a year previously, werc labelled (a) ; those in whonm there was nio history at aniy time of throat or ear trouble, anid whose tonsils appeared to be normal, were labelled (b) ; anid those who gave a history of repeatedl throat troubles, i.e., tonsillitis, ' sore throats,' cervical adenitis, with or without chronic otorrhaca, and whose tonisils either appeared un(luly large, or definitely septic, were labelled (c). No doubt this classification is open to criticism, but it was the best that could be (levised, and the numiiber of cases is sufficiently large to make it at least of some value.
An attempt was also made to assess roughly the teml)erament of each child, that is, whether or not there was an undue tendlency to nervousiness, oxcitability, or the reverse. In doing so it was only possible to form aan opiniioIn from the behaviour of the child under examination, and from the parent's statements regarding this neither of themn very reliable guides. Table 1 shows that 108 children were investigated, 38 normals, and 70 subnormals. Table 2 compares the blood sugar, plasma bicarbonate, and chloride, in groups of normal and subnormal children.
From a consideration of these figures (Table 2) , three important facts emerge. First, the plasma bicarbonate is considerably lower in the subnormal than ip the normal children. In fact, a definite 'acidosis' is the rule in debilitated children, if the term 'acidosis' is defined as simply a decrease in the plasma bicarbonate, however produced. Such a definition does not necessarily imply any actual change in reaction, or pH, in the direction of increased acidity, in the strict chemical sense of the word. Secondly, this acidosis of debility, is associated with a slight, but definite, increase of tho plasma chloride, compared with that of the normals. This point is of interest in view of the experiments of Haldane5 and his co-workers, who showed that after ammonium chlorida ingestion, the plasma bicarbonate was decreased in exact proportion as the chloride content increased; and also because of the possibility of an accompanying increase in the water content of the body, a subject which has been more fully discussed elsewhere.' Thirdly, it is interesting to note that the blood sugar is practically the same in both groups. This is contrary to recent teaching, which asserts that the subnormal child shows a tendency to continued hypoglycaemia an hypothesis which seems based on insufficient evidence.
One of us (A.A.O.) whon working on the subject of cyclical vomiting in children some years ago, showed that this common disorder could generally be prevented or cured by increasing the allowance of sugar in the diet, and it was assumed that there was therefore a shortage of sugar in the blood. The term 'glycopenia,' which unfortunately is still used by some, was coined to describe these children. It is clear, however, from the evidence already presented, that this term is inaccurate, and should no longer be used in this connection. As has been pointed out before6, the essential feature of these cases appears to be a shortage of the glycogen stored in the liver, and perhaps .. Tables 2  and 3 it is seen that in the acetonuric children, the average plasma bicarbonate was even a little higher than the average for the group (i.e., subnormals), namely, 0 0280 M, compared with 0 0276 M. It will also be observed that the bloo(d sugar in the acetonuric and non-acetonuric children is practically the same, namely, 99 mgrm. per cent. in the formner, and 100.6 mgrm. per cent. in the latter. (c) In a study of a large number of cases of scarlet fever, diphtheria, measles, typhoid, and streptococcal ton Sillitis8, in which repeated estimations of the plasma bicarbonate were ca7ried out at regular interverls throughout the course of the illness, it was found, as noted above, that estimations of the total acetone bodies in the blood, even in the early and pyrexial stages of the disease during which acetonuria was present, showed that the acidosis was niot nearly accounlted for by the-quantity of these substances presenit in the blood. Further, it was shown that in 25 per cent. of cases of scarlet fever, a late or delayedI aci(losis occurred, often as miarked in degree as the primary or eaily acidosis; an(1 that this late form of the con(litioni, which generally occurre(d between the 1.5th mnd the 30th days Df the (lisease, was not acconmpanied by acetonuria.
(d) II the apyrexial subrnormal children with acetonuria in th', present series, an attempt was made to estimate the to-tal acetone bo(lies in the blood of four cases. In none of themi was it possible to obtain any evidence of ketonoemia, in fact, no more precipitate was forme(d thani in the ,blank estimations. On these grounds therefore it is concluded that the aci(losis of (lebility is not (due to ketosis.
In this connection, it is of intcrest to note the (lifference in response to treatment with sugar, between the apyrexial subnornmal child with or wNithout acetonuria, and the child suffering fronm acute pyrexial disease, such as scarlet fever. In the former, with a normal l)lood suigar (see above), the givinig of extra sugar by mouth usually produces a rapid and striking improvement in tha general health6; whereas in the latter, where the blood sugar tends if anything to be above normal, not only does the giving of sugar usually fail to produce any improvement in the, condition of the child, but it does inot hasten the disappearance of acetone bodies from the urinc. This suggests that (hiring acutO pyrexial disorders, there is inability to utilize the sugar: whereas in debility, although the blood sugar is normal (it is presumably of the first importance to maintain a normal concentration of sugar in the blood), the glycogen reserves of the bo(y are on the verge of exhaustion. Before leaving the subject of the biochemical variations in the two groups of children investigated, it may be of interest to cite a few of the individuial cases, as illustrating some of the points already raised. It must be emphasized that although a decreased plasma bicarbonate is the rule in debilitate(d children, the degree of acidosis is not necessarily a measure of the unfitness in any given case, though there is a rough parallelism between the two factors. Case 82 looked in every way in the most perfect health, yet he had a plasma bicarbonate of only 0 0263 M. Case 18, on the other hand, looked extremely unwell, had a strong positive Rothera in the urine, and a plasma bicarbonate of 0-0290 M. The relation between the blood sugar and the degree of fitness is of special interest, in view of the current teaching to which referenee has already been made. The children who appeared to be mqst unfit, and were pallid, exhausted, and lacking in energy and in interest in their surroundings, CLINICAL AND BIOCHEMIICAL STUDY OF SUBNORMIAL CHILD 161
were not those with the lowest blood sugars, but, on the contrary, it was quite often found that their blood sugar was relatively high, even above normal.
This was particularly noticeable in Cases 10 to 16, 18, 19, 20, 25, and others.
Further, repeated estimations of the blood sugar at fortnightly intervals on some of these cases, failed to show any more 'instability' in the bloodsugar level in the one group than in the other. No useful purpose would be served by multiplying instances of these discrepancies, they all go to show that isolated observations of this kind are of little value, and that individual differences are so marked, that it is only in the study and comparison of groups of similar cases, that much can be learned by our present rather crude methods.
Relation of tonsillar disease to debility in children.
Disease of the tonsils and of the upper respiratory tract in general, has so often been considered as one of the chief causes of debility in children, that the removal of tonsils and adenoids is now regarded as almost a necessary preliminary, if not the only treatment required in these cases. It was considered desirable, therefore, to assess as far as possible the relation of tonsillar disease to the clinical and biochemical findings in the present series of cases.
In 94 children, 35 normals and 59 subnormals, the state of the tonsils, and the history of tonsillar disease, including sore throats, cervical adenitis, and chronic otorrhoea, were carefully noted. Table 4 shows the state of the tonsils as found in the healthy and debilitated children. The notation used is that described previously. A study of Table 4 shows that:- Table 6 shows the results of siiimilar observations on the 22 childreni who ha(l had a previous tonsillectomy. Here again, it will be seen that there is very little difference between subniornmal children who have had a p)revious tonsillectomy, and subnormal childreni wNho have niot, though it, must be admitted that the plasma bicarbonate is a little higher in the former, than in the latter. It is interesting in this connection to recall the evi(lence regarding the results of tonsillectomy in such specific diseases as acute rheuimatisnm and( acute nephritis. It has been shown by nmany investigators, that this operation is of extremely doubtful value in both diseases, especially as regards recurrences, indicating that this operation does not generally lead to sufficient improvement in general health to protect against recurrence of the (disease, onice infection has occurred, although in both these diseases the tonsils themselves probably provicle the prinmary portal of enitry for the infection. Paterson and Grays showed that in a series of subnormal children, marked improvement in general health, and increase in weight, was found up to -6 months after tonsillectomy, a result which, at first sight, strongly suggests the importance of tonsillar disease as a cause of chronic debility in children.
The Board of Education' O, however, found that if a series of subnormal children in whom the tonsils had previously been removed, were followed up for a considerably longer period after operation than six months, the initial improvement noted by Paterson and Gray, was not maintained. Further evidence relating to this problem has been reported -by one of us (H.G.C.) elsewhere".
The balance of evidence would seem to suggest that tonsillar disease is not such an important factor in the production of chronic debility in children as is usually supposed, and that tonsillectomy is an operation which is often performed unnecessarily.
Relation of debility to cyclical vomiting.
In a paper already referred to above6, it was pointed out that cyclical vomiting was a disorder met as frequently amongst the children of the hospital classes as amongst those of the well-to-do. This, again, is contrary to the usual teaching. It was also stated that cyclical vomiting occurred in about 30 per cent. of all elementary school children. The evidence for this was based on a history of the symptom-complex described above in 500 consecutive children between the ages of 6 to 12 years, attending hospital for minor disorders.
In actual fact, cyclical vomiting, as judged by these standards, occurred in 45 per cent. of the series referred to, but in order to eliminate possibility of error arising from the necessity of asking leading questions in a number of instances, an allowance of 15 per cent. was made. The figure of 30 per cent., therefore, may be taken as a conservative estimate of the frequency of this disorder in the children of the hospital classes. E. C. Warner, working in the Children's Department at Guy's Hospital, informs us in a personal communication that, adopting the same criteria as we had done, he had found that 20 per cent. of a series of 300 children out-patients, between the ages of 3 to 12 years inclusive, suffered from major attacks of cyclical vomiting. As this disorder does not usually appear in its most typical form before six years of age, it is clear that, allowing for this, 30 per cent. is again a fair estimate of the frequency of cyclical vomiting in children of this social class.
In the present series of 108 children, a definite history of major attacks of cylical vomiting was obtained in 47 cases. It is a matter of common observation, referred to by all authorities on the subject, that cyclical vomiting is most apt to occur and to be most intractable, n the highly-strung, excitable child, and to this extent the biochemical results given in Table 7 , may be regarded as typical of the nervous child; but as mentioned elsewhere 6, cyclical vomiting is a disorder which occurs perhaps in its most dramatic form in the child of nervous make-up, but it is by no means entirely confined to such. This is opposed to the view expressed by some that the acidosis and disturbances of carbohydrate and fat metabolism, with which it is said to be associated, constitute a biochemical picture peculiar to the nervous child.
It is at least apparent that cyclical vomiting is a disorder of very frequent occurrence amongst children of all social classes; that children who suffer from it do not differ in respect of the biochemical observations made herein, from those who do not, and that it is not the prerogative of the nervous child.
Observations on the treatment of debility in children. About seven years ago, one of us (A.A.6.), when collecting cases of cyclical vomiting for investigation in the Children's Department at Guy's Hospital, observed that those children who had been given extract of malt, largely with the object of securing regular attendance at out-patients, ceased to have further attacks of the disorder. This at once suggested that sugar in some form was the needed antidote. This hypothesis was rendered more probable, by the fact that, in an undue proportion of these cases, it was noticed that sugar was being withheld, as far as possible, as the mother had been told that it was 'bad for the teeth,' ' brought-the child out in spots,' or, 'was bad for children.' a doctrine which incidentally, is still held, and acted upon, even in some of the best public schools in the country. There is, of course, no adequate scientific evidence for any of these suggestions.
In order to test further the action of sugar in preventing cyclical vomiting, a group of 30 children suffering from this disorder was given extra. sugar;
and kept under observation for from one to three years, and as a result, it was found that with very few exceptions, attacks of cyclical vomiting ceased to occur. It became apparent too, that not only was cyclical vomiting easily prevented by this simple and harmless measure, but that a large number of the other common symptoms of debility in children, such as headaches, recurrent abdominal pains, constipation, ' growing pains,' pallor, and undue fatiguability, were also cured, and prevented, and that the giving of extra sugar, in any form, quite frequently resulted in a rapid and marked improvement in the general health, spirits, and appearance of the child. In fact, without any other form of treatment, or alteration in the daily regiine, a pale, dispirited, ailing child, would often be converted into a high spirited, healthy, and happy being. This form of treatment was later adopted by Dr. H. C. Cameron 3, 14, and he has confirmed the beneficial results obtained. As pointed out elsewhere 6, cyclical vomiting occurs in three main forms the classical cyclieal, or periodic vomiting, cyclical diarrhoea, and cyclical pyrexia, each of which may occur singly or together. Quite early in the investigation, it was noticed that there was also a recurrent, or cyclical, 'respiratory' group, the symptoms of which were indistinguishable from those of ordinary bronchial asthma. In view, however, of the well known difficulty of differentiating between some cases of asthma and recurrent bronchitis in young children, it was considered unwise to assert that asthma could be successfully treated by sugar, but it soon became obvious that these cases were, in fact, true examples of bronchial asthma, and that at least in some of them, sugar was an effective prophylactic. Although it has been shown that the most common and constant biochemical feature of debility in children is an' acidosis,' it is a remarkable fact that, in our experienice, the giving of alkalies by mouth does not in any way lead to improvement in the condition, or in any of its numerous and varied symptoms.
As far as we have been able to ascertain, also, alkalies are quite without value in the treatment or prevention of cyclical vomiting and asthma in children. There is, however, one point in this connection, which should be borne in mind, before concluding that alkalies are without value in these cases, and that is, the question of increased liability to infection, where some degree of acidosis is present. Cameron" asserts that children suffering from acidosis are predisposed thereby to infection. We have long had this possibility in mind, and have endeavoured to obtain evidence upon the question, but at present, it can only be said that no conclusions have been reached. If the type of acidosis referred to here should be shown to predispose to infection, then it is possible that the use of alkalies in these cases may be justified.
Conclusions. (1) The state of subnormal health in children, usually called 'debility,' is generally associated with some degree of ' acidosis,' defining this as a reduction of the plasma bicarbonate only.
(2) Debility in children is not commonly accompanied by hypoglycoamia, and the term 'glycopenia' is inaccurate, and should not be used to describe these cases.
(3) The acidosis of debility is not generally due to an associated acetonmemia or ketosis.
(4) Ketosis in children is not generally associated with hypoglycaemia.
(5) Tonsillar disease is not the most common cause of debility in children, and tonsillectomy is an operation which is often performed unnecessarily.
(6) Cyclical vomiting is a disorder which occurs with great frequency amongst children of the so-called hospital classes, the incidence in this class being about 30 per cent. of all children betweeni the ages of 6 to 12 years inclusive.
(7) The biochemical picture associated w%ith disturbances of the carbohydrate and fat metabolism, acetonumia, etc., is not more frequently found in ' nervous,' than in other subnormal children.
(8) There is no specific biochemical picture peculiar to the ' nervous' child.
(9) There is no evidence that alkalies are of value in the treatment of debility in children. 
